SUMMARY Applied potential tomography (APT) is a new, non-invasive technique that can yield sequential images of changes in the resistivity of gastric contents. Studies were performed to investigate the application of APT to measure gastric acid secretion. Experiments in 20 normal volunteers showed that changes in gastric resistivity were closely correlated with changes in the volume (r=0-80), the acidity (r=0-83) and the total conductivity of gastric contents (r=0.87). Studies in 13 patients referred for a pentagastrin test showed that changes in gastric resistivity before pentagastrin were closely correlated with basal acid output measured on a separate occasion (r=0.85, p<0001), while changes in gastric resistivity after pentagastrin were correlated with maximal acid output (r=0-58, p<005). Ingestion of alcohol by six normal subjects decreased gastric resistivity markedly, probably due to alcohol induced gastric acid secretion as it was prevented by cimetidine. Applied potential tomography is a safe non-invasive method of measuring gastric acid secretion. The equipment is simple to use, and the test is comfortable and acceptable to patients.
Gastric acid secretion is usually measured by aspirating gastric contents through a nasogastric tube before and after an injection of pentagastrin. Because patients often find intubation stressful and uncomfortable, there is a need for a non-invasive method for measuring gastric acid secretion.
Several non-invasive tests have been evaluated. The measurement in the urine of cation exchange dyes, that are split to yield absorbable products in an acidic environment, provide only a qualitative index of acid secretion.>4 Scintigraphic measurement of the accumulation of 9'Tc in the stomach after an intravenous injection is more accurate,' 6 but involves the use of radioactive tracers and technetium accumulation may reflect mucosal blood flow and stomach surface area rather than gastric acid output.7
Applied potential tomography is a new noninvasive, non-radioactive technique that can generate tomographic images of the resistivity of gastric contents,="' using electrodes placed around the upper abdomen. This technique is simple to operate, quite comfortable for the patient and can provide an accurate index of gastric emptying, but only if the secretion of gastric acid has been inhibited with H2 receptor antagonists." This latter observation suggests that acid secretion could alter the resistivity of gastric contents. The aim of this study was to assess the possible application of APT as a non-invasive test for gastric secretion, by determining the correlation between resistivity changes measured by APT and gastric acidity.
Methods

SUBJ ECTS
Studies were carried out on a total of 20 fasted healthy volunteers, aged between 18-27 years (11 men, nine women) and on eight male and five female patients with peptic ulcer disease aged between 35 and 69 years, referred for pentagastrin tests of gastric function. All subjects gave written informed consent for the study and the protocol was approved by the Southern District Ethical Sub-Committee of the Sheffield Area Health Authority (Teaching).
Gastric resistivity was measured through 16 electrodes evenly placed around the abdomen at the level of the eighth costal cartilage (a plane transecting the gastric fundus or body). An alternating current of 1 mA at 50 Khz was passed between two adjacent electrodes (the drive electrodes) and the potential gradients at the remaining 13 pairs were measured. Each pair of electrodes in turn acted as drive electrodes. This constituted one cycle which lasted approximately 100 ms.9-" One hundred and fifty cycles were summated to form one data set.
An initial data set was recorded, and subsequent data sets were back projected against the initial set to produce a cross sectional image of the change in distribution of resistivity in the area of the electrodes. Sequential images were generated at one minute intervals. The images incorporated changes in resistivity occurring at least 4 The effect of pH on gastric resistivity was investigated in eight volunteers. Solutions containing 5, 10, 25, 50, and 100 mmol HCI were used. After washing the stomach out with 20 ml of 154 mmol saline, 50 ml of the test solution was injected through the intragastric tube. Two minutes later, the test solution was aspirated and the stomach was washed out with saline before the next test solution was introduced.
Solutions were introduced in order of increasing hydrogen ion concentration in order to reduce the effect of contamination by the previous solution. The region of interest was outlined from the image obtained immediately after the infusion of 50 ml 100 mmol hydrochloric acid.
The effect of volume of acid on gastric resistivity was investigated in six volunteers. Different volumes of solutions containing 25 mmol hydrochloric acid (50, 100, and 140 ml) and 50 mmol hydrochloric acid (25, 50, and 70 ml) were serially injected into the stomach. The stomach was washed out with saline before the introduction of each solution, as described above. The effect of varying the conductivity (calculated from the relative ionic mobility and number of moles of each ion present) of the solutions introduced into the stomach on changes in APT was measured in the same volunteers. Two hundred and fifty millilitres S mmol, 250 and 125 ml 10 mmol, 100 ml 35 mmol, and 25 and 35 ml 100 mmol hydrochloric acid were serially injected into the stomach as before. The region of interest was outlined from the image obtained immediately after infusion of 250 ml 10 mmol hydrochloric acid.
The changes in resistivity immediately after infusion of each solution were expressed as a percentage of the maximum changes in resistivity, obtained immediately after infusion of 50 ml of 100 mmol HCI (pH experiments), and 140 ml of 25 mmol HCI and 70 ml of 50 mmol HCI (volume experiments), and 250 ml 10 mmol (conductivity experiments).
VALIDATION IN PATIENTS
Thirteen patients participated in the study. Two studies were carried out in random order and separated by at least a week. All were fasted for 12 hours and had not taken any medication for 48 hours. On one occasion a pentagastrin test was performed. Patients were intubated with a double lumen sump tube which was positioned with its tip in the most dependent part of the stomach. Gastric acid was collected by continuous aspiration. Four 15 minute samples were collected and their volume noted. Acid concentration was measured by titration to pH 7 using an autotitrator (Radiometer, Copenhagen). Acid output was calculated from volume and acid concentration for each sample and the results summed to give basal acid output (BAO). Subjects were then given 6 [tg/kg pentagastrin im (Peptavlon, ICI, Macclesfield, Cheshire) and gastric acid collected for a further hour. Six 10 minute samples were collected. Acid output was calculated for each period as before and summed to give maximum acid output (MAO). On another occasion, the patients were not intubated and gastric resistivity was measured using APT, before and after the same dose of pentagastrin. Images were collected at one minute intervals under basal conditions for 30 minutes. The patient was then given 6 ,tg/kg pentagastrin im and images were collected for a further 60 minutes. Finally, a drink consisting of a beef stock cube (Oxo, Brooke Bond, Croydon, England) dissolved in 500 ml water warmed to 37°C was administered in order to identify the gastric region of interest. A fixed size region of interest was outlined, thus allowing comparison between patients of actual resistivity changes. The maximum change in resistivity that occurred in each subject during the basal half hour (R basal) was compared with the basal acid output for that subject, while the maximum change in resistivity that occurred in each subject during the whole study (R maximum) was compared with the maximal acid output (Fig. 1) the conductivity of the solutions introduced into the stomach (r=0 87; p<0001) (Fig. 4) . 
VAIIDATION IN PATIENTS
The change in resistivity that occurred during the basal period (R basal) was correlated with the basal acid output (r=0(85; p<0-01) (Fig. 5) . Administration of pentagastrin decreased the resistivity in every case except one and the maximum change in resistivity that occurred after pentagastrin (R maximum) was correlated with the maximal acid output (r=-058; p<0-(5) (Fig. 5) .
EFFECI OF ALCOHOI
Ingestion of alcohol produced a gradual change in gastric resistivity in all six subjects (Fig. 6 ). The maximum change was seen approximately 25-30 minutes after administration of alcohol and was about 50% of that observed after a drink of Oxo by the same subject. The values then returned towards basal levels. Administration of cimetidine one and a half hours before the study abolished the change in resistivity induced by alcohol (Fig. 6 ).
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